We present measurements of event-by-event fluctuations on hadron multiplicity ratios (K /π, /π, K / ) in Au+Au collisions at √ NN = 7.7, 11.5, 19.6, 39 and 200 GeV using the STAR detector at RHIC. The magnitude of dynamical fluctuations σ dyn for /π and K / ratios change smoothly from a large negative value at 7.7 GeV to a smaller negative value at 200 GeV while that for the K /π ratios exhibits no significant beam energy dependence. The dynamical fluctuations related to pair production σ pair dyn for the /K , K / , K − /K + and¯ / ratios at 200 GeV all exhibit a maximum at the mid-central collisions and decrease at the most peripheral and most central collisions. 
Introduction
Event-by-event fluctuations have long been considered a suitably sensitive probe to investigate the nature of the deconfinement and phase transition in high-energy nuclear collisions, especially when searching for the critical point (e.g., [1] ). Recent lattice Quantum ChromoDynamics (QCD) calculations show a distinct change in baryon and strangeness susceptibilities at the phase transition temperature [2] . This change in susceptibilities may be observed in event-by-event multiplicity ratio fluctuations. In order to study the phase transition and search for the QCD critical point, RHIC started an energy scan * E-mail: tianjian@sinap.ac.cn programme in 2010, which has taken Au+Au collision data from √ NN = 200 GeV down to energies as low as 7.7 GeV [3] . In this analysis, we will focus on hadron multiplicity ratio fluctuations from Au+Au collisions at RHIC. Here, we define the event-by-event interaction ratios as
N +N¯ . Fluctuations of these ratios have already been studied using different data sets and observables by the STAR collaboration [4] [5] [6] . 
STAR experiment and data setup
All data sets used in the analysis presented here are from Au+Au collisions at √ NN = 7.7, 11.5, 39 and 200 GeV from Run 10 and
GeV from Run 11. Particles were selected within |η| < 1 and identified using the specific ionization energy loss ( E/ ) in the Time Projection Chamber (TPC) [7] . Tracks within 2σ deviation of the expected particle's Bethe-Bloch curve were identified as pions, kaons and protons. The recently completed Time of Flight (TOF) detector [8] was also used in this analysis, which greatly enhanced the ability to identify particles. By utilizing the TPC and TOF, pions and kaons were selected with transverse momentum T > 0 2 GeV/ and momentum < 1 6 GeV/ , and protons with T > 0 4 GeV/ and < 3 0 GeV/ .
Analysis and results
The relative width of event-by-event hadron ratio distributions, given by σ data = RMS/mean, may have contributions from statistical, instrumental and dynamical fluctuations. It is possible to evaluate statistical and instrumental fluctuations using a mixed event technique [9] . The dynamical fluctuationsσ dyn can then be estimated as follows,
In this analysis, the mixed events were constructed by combining randomly selected particles with one particle from each real event, thereby reproducing the multiplicity distribution of the real events. The K /π fluctuations characterized by σ dyn for the most central Au+Au collisions from the STAR experiments are shown in Fig. 1 (a) along with results from the NA49 experiments [10] . The same event mixing procedure has been used in these two measurements. The K /π fluctuations characterized by √ ν dyn [11] from independent analysis of the same STAR data sets [6] are also shown in Fig. 1 (a) which agrees well with the measurements of σ dyn . We find that the STAR measurements show no significant energy dependence from √ NN = 7.7 to 200 GeV which disagrees with the NA49 measurements that show fluctuations increasing with the decrease of beam energies especially for a beam energy below 10 GeV. We have investigated the detector acceptance dependence within the STAR detector and conclude that the large difference in fluctuations cannot be attributed solely to acceptance. Three model predictions from AMPT [12] , HSD [13] and UrQMD [14] using the STAR experimental acceptance are plotted in Fig. 1 . The /π and K / fluctuations characterized by σ dyn and ν dyn from the STAR experiments are shown in Fig. 1  (b) and (c) along with results from the NA49 experiments [10, 15] . We find that the dynamical fluctuations of σ dyn and √ ν dyn for /π are consistent, while those for K / are not exactly the same which may be due to the low multiplicity of protons and kaons in each event. Both /π and K / dynamical fluctuations from RHIC show a smooth increase from a large negative value at In Au+Au collisions at
GeV, most of baryon and strangeness quantum numbers in the STAR acceptance are pair produced [16] . We propose to use a 4-event mixing scheme to model single particle statistical and instrumental fluctuations without the presence of pairs. Specifically we take four independent events and choose ,¯ , K + and K − from these four events, respectively. We introduce σ pair dyn , defined by We find that the magnitudes of all fluctuations exhibit a maximum at mid-centrality, N part ∼ 100 − 200, and decrease for the most peripheral and most central collisions.
Summary
In summary, we have presented analysis of dynamical fluctuations of hadron ratios from Au+Au collisions at √ NN = 7.7, 11.5, 19.6, 39 and 200 GeV using data from the STAR detector at RHIC. The dynamical K /π fluctuations are positive and show no significant energy dependence from 7.7 to 200 GeV. Dynamical /π and K / fluctuations tend to increase smoothly from a larger negative value at 7.7 GeV to a smaller negative value at 200 GeV. A strong centrality dependence of fluctuations related to pair production dynamics with a maximum at mid-centrality is observed for the /K , K / , K − /K + and / ratios at 200 GeV.
